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< FOREWORD

i This work was conducted by Mr P. C. Carroll and Mr T. J Muha,

Exploratory Development Group, Advancod Comp051tes Branch at the Air AR

Force Flight Dynamics Laboratory,,under Project.4364, "Fllamentary
'Comp051tes Structures," "Bonded Joint Analy31s. . | B -

“The manuscrlpt was releasea by the authors 1n Jaouary 1973. ~Thisf
"Technical Memorandum has been rev1ewed andvie approved. .

/11// ] ”!//zcéi ”

PHILIP A. PARMLEY AN s
Chief, Advanced Compos'tes Branch.
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l 2 Background

PART I =

' GENERAL INFORMATION

T1.1 Prcg_gm_gjtles’

This Technical Memorandum covers the input requlred ‘o run two com- N

puter programs The flrst program JTSDL analyzes 51ngle or double lap

:bonded joints. The second program, JTSTP analyzes step lap bonded ‘

joints.

: These programs were wrltten by Southwest Research Institute under

'contract F33615-69-C~1641 with AEFDL/FBC,_ The results of thls contract

are.published in AFFDL-TR-72~97. Copies of.rhe.computer programs are

available from AFFDL/FBC, Wright-Patterson AFB, Ohio 45433, Attn:»ﬁr.

‘7. Muha or Mr P. Carroll.

1.3 ‘Program Descriptions

These programs deal w1th the nonllnear analy51s of bonded 301nts o

subjected to static loads,at room temperature.» The joints are assumed

- sufficiently wide in the z—-direction (oerpendicular to the planershowni

in Figures l 1 - 1. 3) 50 that a state of plane eraln ex1sts., The °

vadherends may be either orthotroplc {laminates) or 1sotrop1c, w1th each

adherend having its own constant thlckness. The adhe31ve is assumed to be

isotropic with constant thickness.  Normal stresses through the thickness .

and interlaminar shear are neglected. Also, each laminate is assumed -

to'be syumetrical about its middle surface.




1.4 Definitions-;;'

41Tﬁé féllowiﬁg néﬁéﬁéla;ufe isfnééa inf£hi§ membraﬁdﬁm:aﬁd41ﬂ>AFfDL+;‘_-1}"
. '?R*7,?‘97= o |
- nv: = Poiséuhé;s Ra;io i . i
| G' v= ,Shéar_Modulusi" ’
E = Young's Modulus ‘
o s ."m,n ='vShape Paraméteré.
A o - = éééant”fiéld;St}ésél"
1 # -Longitﬁdina1 DirectiQn
Tt  ? TranSVefSe directigﬁ;°in Plane éf"Lamina:"
i x = vDirection.Alohg Jéiﬁt ﬁeﬁg;h |
% .y = Direction Normal to Plane‘of Joint = S o

1.5  Joint Ceometries

The three joints, -along with the coprdinate systems, dimensions, .
and applied loads which are analyzed by these programs are shbwnAin'thej.

_ following three figures.

-Figure 1-1 Single Lap Joint

. ‘,.7. . ,1.(2) -‘ . L
Q. ) ) | (A=C
- ¢ 2

A .




fFigﬁre 1—2.~DOUbie'Lap‘JointiA,ﬁ

S A

Typical for step r o )
R steps in gencral (3 shown)




PART I

JTSDL INPUT

one actual, physical card. ..In the follbWiﬁg'explanatioh,,a iogical'

card will be referred to as a card.

CARD 1: . TITLE  CARD

EXPLANATION

COLUMNS ~ FORMAT  VARIABLE

1-70  10A7  Title

110

KTYPE -

Any alphaﬁumeriC»informatidn :

T&pe éf;ioint:

1, for single lap,

2,for‘doub1é'lap o

CARD 2: GEOMETRY, LOAD, ITERATION LIMITS

. COLUMNS  FORMAT = _VARIABLE

31-40

41-50 .

51-60

'F10.0
' F10.0
- FlOoO'

F10.0. -

110

I10

A

e

)

XERR

o | The inpﬂt'fbr the nonlincar analysis of single and double lép joints S
o éonéists of'ten'logicalAéards. A logical card may'conéist of more than&

71-80
1-10
11-20
21-30

|

|

\

\

 NIT

”EXfLANATiON Co ‘

Total 1engthvof‘jbiht '(See'Fig l—i)v-‘

Joint bond léngth;(SQe Fig-1f1) ,yf_#:»

_Join: load (If P=0, the prbgrém'ﬁiil N

coﬁpute joint ultiﬁaﬁé load)- _—

Iteration error —'left’up to‘qserfs

discfetioﬁ_ (Fé#;SWRI vaiUe; see Appenaix)
Maximum numbe: of-iteratioﬁs ; left pp to o
user's diséretidn;(For SwRI valpé;nseé Appendix)

Number of stations for numerical integration

.= left up to user's discretion (For SwRI .

.values, sce Appendix)

a




COLUMNS FORMAT VARTABLE -‘ :'EXPLANATION |
61-70 110 r"xi" NP »;v‘ : Flag for printing adherend stressee".
| | 0, print | o
"1, Do not print v
71—80 ?10 0. ‘"HEFFK b‘ u - ,Effective Bending Factor (See Appendix)
NOTE' The user should carefully‘note the values of the cor;ection factor
EFFK suggested in the Appendlx when asse331ng the de31rab111ty ‘

'of using thls program to solve hls particular problems‘ (See Pages

S . -
-
-

' 146—149 of AFFDL—TR—72—97)

CARD 3: ADHESIVE PROPERTIES (ISOTROPIC)

' COLUMNS  FORMAT  VARIABLE =  EXPLANATION - o LT
110 FO0 T Thicknees."" _' J |
11-20 ‘fl0.0 B VC:."' - Poisson?s-Rario' :

" 21-30° F10.0 6 . Shear Moduluef |

© 31-40 F10.0 = ESC . _,‘ See Appendix

- 41-50 -1-'10 0 ENC See Appendix | o .

| CARD 4: ~ GEOMETRY OF ADHEREND 1 | B .

cowmivs FORMAT _VARIABLE . EXPLANATION '

.»,A1~'_1‘0 F10.0 ' 1" | - ’fotal Tliiclic'ness’ ] " o
-4 W ML | Number of layers (Max1mum of 61, 1 IF

'isotropic adherend)
15—79 13r5.0  ORNT(1,J) Fiber orientation in- degrees for each - i

layer (Omit if isotropic)

If more than 13ilayers, continuation’cards of‘forma; 16F5.0 ere used.:f*’

- M G




CARD 5:  ADHEREND 1 - LAMINA. PROPERTTES
A (Used for‘lﬁminabed Materials Only)

. COLUMNS  FORMAT  VARIABLE EXPLANATION =~

1-20  F20.0 E(1,1)  E (See Appendix)

‘21~30 ) .FlO.Q e ES(l,l) o4 (Seg Apbendix)v~ Omit fof‘lipear,cutve‘
'3l-40 F10.0 'EN(i,l) ") (See Appéndii) - Omit for linéér'cﬁrvef
_‘41—60.‘ 'F20.0 ' -‘ﬁ(l,Z) ' =E1/V1t <(See Appendix) | "

61-70 - F10.0 - ES(l;Z)'  ¢1£' (SeeiApﬁendix) - Omit"forrlipéafléurve

71480' A”FlO.O . : EN(l,?)v- ‘j,nlﬁv (Sée Appendix)’— Oﬁi£ for‘1inéar:¢u¥ve :

B.. (Used for Isotro?ichomogeneous M?térials Only).*._‘,

COLUMNS FORMAT  VARIABLE EXPLANATION
1-20  F20.0 E(1,1) E '
21-36 | fl0.0 o ES(l,l) .G (Sée Afpendix)l-‘Omit for 1in¢ér'§urVe?fgv
‘ 31f40 fFlO;O - EN(QL,1) ‘ﬁ‘(See Appéﬁdix),— Omit'er“lihéap;¢uIVevkl'
41-50  F10.0  VA(L) v o |

CARD 6: CONTINUATION OF CARD 5A

COLUMNS FORMAT  VARIABLE = EXPLANATION

1-20 ’FZ0.0 o E(1,3) Ef (See:Aépendix)
21—30‘ FlO;Oi | - ES(1,3) ¢t (See Appendix) -vait.for linegr éﬁrve :
31440. F10.0 | EN(I,S)‘ "nt kéee Apﬁendik) -’omit for linear curve
41-60  ¥20.0  E(L,4) Gy (Sc Appendix) L
61-70 - F10.0  ES(1,4) : ~utlt'(Seé Appendix)‘é Oﬁit for\linéé:‘cﬁrvéf' 
- 71-80 F10.0 EN(1,4)  mlt (Sec Appendix)-— Omit for lihearvcurve

NOTE: * For an isotropic adherend, there is no.-Card 6.f

regm ey




" CARDS 7, 8, & 9:  ADIEREND 2

Cards'?,VB,,& 9 are repeats of Cards 4,5, & 6 using Adherend"Z &aféf.:.:

CARD 10: ~ ALLOWABLES FOR ULTIMATE STRENGTH PREDICTION (See Note Below)

COLUMNS =~ FORMAT  VARIABLE = EXPLANATION

1-2 I2 KFAILC = Failure criterion for the adhesive (See

Appcndix).h‘.'>f

3;12 'FI0.0 '. SC=SU ) _vAllowa51e°§heér;stréés (strain) for the  1,1
'13—14 .IZ'AA’ i: KFAIL(I) Failﬁre;critgrion fo; Adherénd i {See
: Appendix) |
| 15-24 '_‘Fi0.0' SiRSﬁF(l)" AiloWablé long. $tress=(sﬁfain) in_'
- Adhgrend r |

25—34 .“>F1010» STRSIF(l) _ _Allowahle‘tréns.'stfess (strain) in},

-Adherend 1

35—44 . F10.0 °  STRSLTF(1) Allowable_sﬁear stress (strain)1fqr:>g
| : Adhgrend‘lv' | 'i*“; &
4546 12 KrAiL(zj ~ Failure ciiterion_foi Adheféﬁh?z Csegf"
L | | Appendix) | V 7 S
47-56 . F10.0 STRSLTF(2) - "Allowables'fq;vAdherénd 2
v.57;66 ’ Fl0.0: | STRSTF(2) Allowables for Adherend>2
67-76 FlO;C STRSLTF(2) . Alléwabies,for Adherend-?b

NOTE: This card is input 6nly if P=0 on Card 2; if P#O,lomit‘CarHHIO.-




' PART ITL.

JTSTP INPUT

_ The input for the ponlinea:'analysisvof step lap'bonded'jdints is'idaﬁtiéal'“'

to the input for JTSDL, except as noted beloﬁ. .
Onit the varisble KTYPE. R
CARD 2 | |
.Replaéé‘this card with the foiloWing‘cardé:‘A hr_'bl'. e ]
CARD 2A:  Geometry; Léad; andiltefation‘Limitsv | |
COLUMNS  FORMAT = VARIABLE . EXPLANATiON' L - 'kt.§~
1-10 10 NS - Number of steps -
_11-20 '»f;o;o R o Leads
.;21—30 1_ ﬁi0.0 IYXERR o Itefétidn errdrf%ble?aﬁcé
" 31-40 10 NIT . Maximun number of 1te£acibﬁé
41-50 110 - N x 'Nuﬁber of stations for’ﬁuﬂéiiééi»iptegfafion
‘,51—60 10 N Adherend stresses print flag s
| » 0, Print - |
_ ' ‘* 1, Do not print 4
161;70 'F10.0 ‘_VEFFK | Effective‘bendiﬁg factor (éee»Appendix)t




" CARD 2B: ' STEP CONFIGURATION

f - COLUMNS ~ FORMAT vARIABLE; i~ﬁ2PLANATIONAV
'1-10  F10.0 . R@) »ﬂeight‘of'fif3£ riser
11-20  F10.0 - B(1)  Length of first tread
 21-30 F10.0 ." R(2) . Height of second riser

This is repeated until complete‘step‘geometry'has beenispetified;'“Mdre
than one physical card may be required.
B(NS) . Length of last tread

R(NS+1) _Height of last riser -




" COLUMNS

.. APPENDIX

" CARD 2

COLUMNS
:(31440) Tolerance used in Southwest Rcsearch Test Programs was (. 025)

(41—50) Number of 1terat10ns used in Southwest Research Test Programs was (20)

| ,(51-60) Number of statlons for Southwest Research Programs Was elther

r(31) or (61) 61 belng prlmarlly for 51ng1e lap and 31 belng

'prlmarlly for double lap 301nts. ‘ | |
‘(71-80)’ K for Southwest Research Test Runs was (0 Ol) - 31ngle lap .
| | (0.02) - double 1ap °

(0.1) -~ step lap

'CARD '3

(31-40) ESC obtained from shear'stress'vsfstrainvourve fOr.adheSive where

.7G line intersects the ;T vVs.y curve. B

(41-50) n = shape factor,‘obtained from sheer stress—strain_curve
=1+ 1oglo(l7/7) |
.loglo(ro/Tl)i
where:
To. =‘ stress at secant modolus ‘fv;7G =,ESC 
: o= stress“at sepantbhOQulos ='.BSG_=_ENCJ

Taken from shear stress-strain curve for adhesive

- 10

S . . oggem - o




T Vs Y

' férjAdhesive‘
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CARDS 5 & 6

%% -
'/L | B .85E .JE

s ey pmpipitin et e aprimn e f i

0p —<—ri - > 0, |

'OL' Vs EK

for Adherend Laminae -

o 'Ez
.To obtain E(1,1) - E,

' ' E, = A A

o A R
To obtain ES(1,1) - o -
)
. : L
o = Secant yield stress (stress at which the secant modulus,¥ 0.7E)

%z
NOTE: When the 0.7E secant modulus does not exist, the values to be used

may be determined from the following formulae:

12




- Then:

' R’ - gty
Loglo (EE" - O").

n = e :
o ' ] "y
I~ n-

. . . —n
o, = F@" - o 7"
‘Where o', ¢' and o', c" correspond to any two points on the stress strain

curve.

To obHtain EN(l,i) -n,

| nglo ann

ﬁz = shape factor .= 1 + — :
o : Log.,, (o, fo. )
| #10 "%6,"%1,
vFrom graph:
' .o, = stress at which the secant modulus = . 0.7E
61 = -stress at secant modulus at 0.85E

.- .' i o
| To obtain Eﬂt’ 2t> By
op VS tt plot for adherend necessary

€
t

Analysis methods same’ as for Ep, 0_ , 1 .

- X - By %o, T

To obtain E, o & n
- t o, .

t
t ‘

0, Vs -et“plot for adherend necessary

13




~ Then: - o %
Analys;s methods same as for EZ’ 001’ nﬂ‘

> Py |

“To obtain G, , T
: ',Lt- ¢

Tog VS Yo, plo; for adherenq necessary -

T.,.
- 12,: )

12

12

12
Then: '

. Analysis methods same as for EL, 9, ; n,

CARD 10

i

1. Maximum stress = Allowable stress (for adhesive and
- ' - isotropic adherends)**

KFAIL = 2. Maximum strain
-3, Von Mises stress = Allowable stress

*% As used by SwRI, Ref. AFFDL-TR-72-97, seé-X. 2, p. 146

14

Allowable strain (for composite adherends)#*




